Abstract In temporally variable environments producing offspring with variable phenotypes can help parents to buffer against different future environmental conditions. Freshwater zooplankton can produce clutches with eggs of different sizes, but it remains unknown whether such variable offspring provisioning could be promoted by uncertainty in the quality of growing seasons. We studied provisioning patterns in 572 clutches that were produced throughout the life of 77 fairy shrimp pairs from six temporary pools along a gradient in habitat uncertainty (i.e. probability of early drying). Our results show that larger embryos hatch earlier during inundations, which is a benefit under time stress, but that the production of larger offspring comes at a cost of reduced numbers. Parents from all pools produced variably sized offspring within each clutch. This could represent a bet hedging strategy in relation to variation in hydroperiod among inundations that is inherent to all studied pools. In addition, parents from more uncertain habitats produced larger clutches of smaller eggs and they invested more in early-life reproductive output at the expense of longevity. Overall, our study illustrates that natural variation in inundation regime could be reflected in adaptive variable egg provisioning in zooplankton.
Introduction
Size is often an important determinant of an individual's fitness, both in adults as well as in the earliest life stages (Einum & Fleming, 2004) . A number of studies have demonstrated quantitative links between the provisioning of an offspring individual and its lifehistory including growth rate, survivorship and even later life history traits, such as fecundity, in a wide variety of taxa (Williams, 1994; LaMontagne & McCauley, 2001; Dziminski et al., 2009 ). Although larger offspring will generally perform better, a tradeoff between the size and number of individuals that can be produced may offset selection towards larger individuals. In addition, size benefits can depend on the local environment and are weighed against the disadvantages of reduced offspring numbers in the selection process (Einum & Fleming, 2004) .
In stable environments, selection should favour offspring with a fixed optimal size (Smith & Fretwell, 1974) , while under variable conditions, parental fitness can be increased by the production of variably sized offspring (Einum & Fleming, 2004; Marshall et al., 2008) . When changes in the environment are predictably announced by cues, parents may modulate the size of their offspring to prepare them for the future environment (Boersma, 1997; Taborsky, 2006; Allen et al., 2008) . Alternatively, unpredictable variation in environmental conditions may stimulate parents to produce offspring of variable sizes within each clutch as part of a bet hedging strategy that may guarantee that at least part of the offspring performs well under different sets of future conditions (McGinley et al., 1987; Marshall et al., 2008; Dziminski et al., 2009) .
Many zooplankton species from temporary waters produce offspring in the form of dormant embryos that are encapsulated in a rigid shell. These dormant eggs can survive dry phases as part of an egg bank in the sediment (Hairston, 1996; Brendonck & De Meester, 2003) . When the water returns, some of the eggs resume development in response to hatching cues that signal favourable growing conditions and can found a new active population (Mura et al., 2003; Pinceel et al., 2013; Radzikowski, 2013) . In turn, long-term dormancy and delayed hatching of the remaining eggs ensure that a propagule reserve is maintained as a buffer against possible future demographic catastrophes (Hairston & Kearns, 2002) .
Zooplankton egg size has been linked to fitnessrelated life history traits in a number of studies. For instance, organisms in temporary waters are often confronted with time stress since they need to mature and produce resting eggs before their habitat dries, and larger offspring have been shown to reach sexual maturity more quickly in, for example, the water flea Daphnia magna Straus 1820 (Ebert, 1994) . Demographic modelling shows that even a modest decrease in maturation time by a single day may drastically increase long-term population growth rates of zooplankton populations from time-stressed temporary ponds (Pinceel et al., 2016) . Besides time stress, temporary pond inhabitants can also be confronted with low food levels and intense competition, especially during early life stages, which may result in high larval mortality (Ali & Dumont, 1995) . Under such conditions, there are also size benefits since starvation resistance of neonates was shown to increase with increasing egg size for rotifers (Kirk, 1997) , copepods (Jamieson & Burns, 1988) and cladocerans (Gliwicz & Guisande, 1992) . Finally, larger eggs may also hatch into larger larvae with a competitive edge over smaller individuals as shown for fairy shrimps (Vanhaecke & Sorgeloos, 1980) and copepods (Kirk, 1997) .
Despite the potential fitness benefits associated with size, the production of larger offspring would likely come at a cost of smaller clutch sizes or lower lifelong reproductive output. Given high larval mortalities, the production of lower offspring numbers could entail the risk that none survive to reproduce . In addition, especially in shortlived temporary ponds that are dry most of the year, wind erosion could lead to depletion of the egg bank in the sediment (Brendonck et al., 1998; Brendonck & Riddoch, 2000; Vanschoenwinkel et al., 2008) . Resilience of plankton populations in temporary ponds depends on the maintenance of an egg bank through long-term dormancy and bet hedging (Simovich & Hathaway, 1997; Evans & Dennehy, 2005) . Therefore, producing less, but larger, offspring in such habitats may be risky since it increases the probability that none of the offspring will remain in the egg bank until the next successful inundation. Dormant eggs of temporary pool zooplankton usually require dehydration before they can hatch. Populations are, therefore, generally limited to a single generation per inundation (Dumont & Negrea, 2002) . However, there are exceptions since, in more long lived temporary ponds, taxa such as anomopods can have several clonal generations before they produce dormant eggs (Innes, 1997) . Environmental conditions including length of the inundation (i.e. hydroperiod), food availability and predation may differ extensively between temporary pool inundations (Mura, 2001; Williams, 2006; Tuytens et al., 2014) . This implies that growing conditions experienced by the parental generation can be poor predictors of those that will be encountered by the offspring. Under such uncertain future conditions, the production of variable offspring sizes within each clutch could be a feasible bet hedging strategy (Koops et al., 2003; Marshall et al., 2008) . However, empirical evidence for the existence of variable offspring provisioning strategies in temporary pond zooplankton is absent.
In this study, we examine patterns of offspring provisioning within egg clutches of zooplankton from temporary waters in relation to the inundation regime in general and the probability of experiencing inundations that are too short for reproduction of hatched individuals, hereinafter referred to as 'habitat uncertainty', in particular. As a model, we use populations of the fairy shrimp Branchipodopsis wolfi Daday 1910 (Crustacea, Branchiopoda, Anostraca) from temporary rock pools on top of Korannaberg (Eastern Free State, South Africa). The advantage of this model species is that it occurs in pools with different inundation regimes that can be reconstructed using an existing hydrological model (Tuytens et al., 2014) . Even though B. wolfi populations typically require only six days to reach maturity, demographic models predict that early drying can be a major threat for longterm population persistence (Pinceel et al., 2016) .
First, we conducted a hatching experiment to investigate the relationship between egg size and timing of hatching in the studied B. wolfi populations. If larger eggs hatch earlier during inundations, the extra time available for maturation and reproduction could entail fitness benefits in this time-stressed habitat. Second, we hypothesised that the size and number of eggs within a clutch would be negatively correlated as part of a trade-off. Considering the limited amount of energy that can be distributed over the eggs in each clutch and the physical constraints of the brood pouch, which can only contain a limited number of eggs, producing larger eggs would also mean producing less eggs. Third, we hypothesised that parents derived from pools with a higher habitat uncertainty produce larger clutches. This would increase the buffering capacity of the egg bank against abortive hatching and erosion. Finally, since B. wolfi individuals are limited by the hydroperiod for their reproduction, we expected females from pools with higher habitat uncertainty to produce clutches with a larger total egg volume during their early life at the cost of longevity and total lifetime reproductive output.
Methods

Study system and model species
The studied B. wolfi populations originated from a cluster of 44 temporary rock pools on a horizontal slab near the summit of Korannaberg Mountain (Eastern Free State Province, South Africa, S28°51 0 13 00 , E27°13 0 51 00 ) (Tuytens et al., 2014) . Branchipodopsis wolfi is a specialist and a dominant competitor in zooplankton communities during the early successional phases of temporary pools across Southern Africa (Brendonck et al., 1998) . The species reproduces strictly sexually, and male gametes are transferred to the female brood pouch during copulation to fertilise egg cells (Prophet, 1963) . Fertilised embryos are packaged in a protective egg shell and develop into resting eggs that can survive in a dormant state for decades in the absence of water (Brendonck et al., 1998; Dumont & Negrea, 2002) .
Inundation regime and habitat uncertainty
The critical minimum hydroperiod for hatched B. wolfi individuals from Korannaberg habitats to reach sexual maturity is around seven days, and some rock pool inundations are so short that not enough time is left after hatching to allow for successful reproduction (Vanschoenwinkel et al., 2010; Tuytens et al., 2014) . In response to this risk of an abortive hatching event, hatching of B. wolfi resting eggs seems to be regulated by the concentration of dissolved salts (measured as conductivity) at the start of an inundation. This could be adaptive since conductivity is a decent proxy for the length of an inundation in temporary rock pools and refraining from hatching under elevated conductivities ([125 ls cm -1 ) could allow B. wolfi to avoid some unfavourable inundations (Vanschoenwinkel et al., 2010) .
Cues can be unreliable, however, and conductivity does not provide information about the possibility of additional rains, which are often essential to extend inundations beyond the critical hydroperiod of six days that is required for reproduction. We captured the level of habitat uncertainty of the studied rock pools by calculating the fraction of inundations (between 1920 and 2004 ) during which conductivity was \125 ls cm -1 but that still lasted \7 days (see Tuytens et al., 2014 for an accurate description on how habitat uncertainty can be calculated for the Korannaberg rock pools). This fraction captures the level of habitat uncertainty of a pool since it is the fraction of unsuccessful inundations that cannot be avoided via plasticity (i.e. the fraction of inundations during which hatching occurs).
Studied populations
Six pools were selected to cover variation in habitat uncertainty (Table 1) . P1 represents the population that originated from the habitat with the highest (73%) and P6 the population from the habitat with the lowest (0%) habitat uncertainty. We opted to investigate offspring provisioning patterns in relation to habitat uncertainty since this is a measure of hydrological stability that is estimated in relation to the specific life history (maturation time) of the studied populations.
Also, it provides an estimate of the probability of a demographic catastrophe and is, therefore, the most relevant predictor with respect to selection for bet hedging. It should be noted, however, that habitat uncertainty of the studied pools is strongly correlated to other hydrological variables, such as the hydroperiod and inundation frequency. This is illustrated by the correlation matrix in Table S1 of the Supplementary Material.
Laboratory populations and brood collections
Dry sediment with B. wolfi eggs was collected from the selected pools using a paint brush and spoon and was subsequently transferred to transparent plastic zip lock bags for transportation to the laboratory. To minimise any non-genetic imprints of local environmental conditions (i.e. maternal effects) on reproductive output, the six selected populations were reared for two generations under common garden conditions. For this purpose, 150 g of the field-collected sediment of each population was divided over three transparent plastic aquaria. Aquaria were inundated with 8 l of medium with a conductivity of 50 ls cm -1 (distilled water with 0.00033 mol -l NaHCO 3 , 0.000098 mol -l CaSO 4 Á2H 2-O, 0.00014 mol -l MgSO 4 , 0.000015 mol -l KCl; Anonymous 1985) and randomly positioned in a temperature-controlled incubator at 20°C and a 12 h light:dark cycle. Each aquarium was aerated, and the water level was kept constant. From day one, all aquaria were fed ad libitum with the unicellular green alga Scenedesmus obliquus (Turpin) Kützing ([10 6 cells ml -1
). Before they reached sexual maturity, populations ([40 individuals) were transferred to clean 8l aquaria and kept under the same optimal rearing conditions. After 40 days of egg production, the active populations were terminated and the resting eggs were isolated and kept in transparent polystyrene petri dishes at 20°C and a 12 h light:dark cycle for eight weeks to dehydrate. Subsequently, eggs from each population were inundated in clean aquaria under the same optimal hatching and rearing conditions as specified above. Once male and female individuals could be distinguished (day six of the inundation);, up to 20 individual breeding pairs were randomly isolated from the three aquaria of each population, and each pair was transferred to a 100-ml glass jar and kept under the same standardised rearing conditions as specified above.
From the moment they reached sexual maturity, eggs of each breeding pair were harvested at 60-h intervals with a glass pipet and transferred to a transparent polystyrene petri dish. The eggs were kept in a temperature-controlled incubator at 20°C and a 12 h light:dark cycle for eight weeks to dry prior to morphometric analyses. For the purpose of this study, all eggs produced within a 60-h interval were considered to be part of the same 'clutch'. This is sensible since reproduction in fairy shrimps seems to involve fertilisation of a set of ovulated eggs in the brood pouch that develop and mature together, but are not necessarily all released during the same day (Brendonck & Riddoch, 2000) . At each harvesting event, the breeding pair was transferred to a clean jar with new rearing medium, and the parents were measured using a light microscope with calibrated eye piece. The health of the breeding pairs was evaluated on a daily basis and deceased parents were immediately transferred to 80% ETOH (absolute ethanol ? 20% H 2 O) for morphometric analyses.
Egg morphometry
After eight weeks of dehydration, the size of each clutch was determined by counting the number of intact eggs. With 'intact', we refer to eggs that have no external signs of degradation. Since eggs generally disintegrate when the embryo is dead, external features are assumed to give a good indication of viability.
To calculate the mean size of eggs within each clutch, ten randomly selected eggs were measured to the nearest lm. In addition, the total egg volume of each clutch was estimated (mean egg volume 9 clutch size). Of each population, five clutches that were produced at an early stage during reproduction (three days after maturation) were randomly selected, and of each clutch, fifty randomly selected eggs (if clutch size C50) were measured. The length and width (at the base) of the brood pouch of each female was also determined. All measurements were performed using an Olympus BX 50 microscope fitted with an Olympus DP50 camera (Olympus, Hamburg, Germany).
Associations between egg size and the timing of hatching
To link egg size to hatching traits, 504 B. wolfi eggs, randomly selected from the same populations, were measured using an Olympus BX 50 microscope fitted with an Olympus DP50 camera. Afterwards, eggs were inundated in 24-well polystyrene multi-wellplates according to a standard hatching protocol for the studied species. Each egg was placed in an individual well, which was filled with 2 ml of 50 ls cm -1 EPA medium. Plates were randomly positioned in a temperature-controlled incubator at 18°C under a 12 h light:dark regime (white light, full spectrum, 4000 lx, lamp type Osram L 8 W/640; Osram, Rotterdam, The Netherlands). This colder temperature of 18°C, compared to the rearing temperature of 20°C, was chosen since it was shown to result in optimal hatching. Hatching was quantified as a 0/1 response at 12 h intervals until no new hatching occurred for two subsequent checks. After each evaluation of hatching, plates were repositioned randomly in the incubator.
The relationship between egg and embryo size To investigate whether B. wolfi egg size is a good proxy for embryo size, we measured 124 randomly selected dehydrated eggs using an Olympus BX 50 microscope fitted with an Olympus DP50 camera. Subsequently, each egg was placed individually in a well of a 24-well polystyrene multi-well-plate and submerged for 3 h in 2 mL of bleach (sodium hypochlorite, 5%) to remove the opaque egg shell (Sorgeloos et al., 1977) , and the size of embryos was measured immediately.
Statistical analyses
We calculated a Pearson product moment correlation between 'egg size' and 'embryo size' to investigate whether egg size is strongly related to embryo size in B. wolfi. Next, to investigate the impact of egg size on the probability of hatching of B. wolfi eggs within an inundation, a Generalised Linear Model (GLM) with binomial error distribution and logit link function was constructed. Hatching was measured as a binary response (1: hatch or 0: remain dormant). In this GLM, 'egg size' was included as a continuous predictor. Subsequently, we constructed a General Linear Model (LM) to investigate the effect of egg size on the timing of hatching. In this model, 'egg size' was included as a continuous predictor and the timing of hatching (measured in hours after inundation) as a continuous response variable.
Potential differences in longevity between breeding pairs of different populations were investigated using Kruskal-Wallis tests, because the distribution of residuals around the means did not match with standard statistical distributions assumed by parametric tests. Because of non-normal distributions of individual variables, we calculated Spearman Rank (SR) correlations rather than Pearson product moment correlations. SR correlations were computed to assess potential associations between age and size of females and clutch parameters (female length, length and width of the brood pouch, clutch size, mean egg size within a clutch and total clutch volume). To assess the potential negative relation between egg size and clutch size, SR correlations were calculated between the mean egg size and clutch size of all of the 572 clutches that were produced during the experiment. In addition, SR correlations were also calculated between the size of up to 50 randomly selected eggs and clutch size from five randomly selected clutches (total of up to 250 eggs) of each population that were produced at the same time (three days after maturation).
Separate general linear mixed models (LMMs) were constructed to assess the effects of habitat uncertainty and parental age (time of clutch production) on mean egg size within a clutch, the Coefficient of Variation (CV) of egg size within clutches, clutch size and total clutch volume. In each of these models, breeding pair was included as a random factor. Harvest interval (1-21, as proxy for parental age) was included as a fixed categorical predictor and habitat uncertainty as a fixed continuous predictor. Separate general linear models (LMs) were constructed to investigate the effect of habitat uncertainty on mean egg size, CV egg size, size and total volume of clutches that were produced three days after maturation. Breeding pairs from P3 were excluded from these analyses since they had not yet reached sexual maturity at this time. All analyses were performed in Rv3.1.1 using the packages car, lme4 and stats.
Results
Egg size is positively associated with embryo size in B. wolfi eggs (Pearson r = 0.38, P \ 0.001). During the laboratory hatching experiment, 46.8% of all B. wolfi eggs hatched. The GLM did not show a significant effect of egg size on the probability of hatching (Z = 1.78, P = 0.075). The first larvae emerged after 24 h and the last after 96 h (mean = 47, SD = 19 h), and the LM demonstrated a significant effect of egg size on the timing of hatching with larger eggs hatching earlier during the inundation than smaller eggs (F 1,234 = 6.409, P = 0.012).
Single breeding pairs lived for 13-83 days (mean = 40, SD = 20 days), produced one to 21 clutches (mean = 9, SD = 5 clutches) and 14-1452 eggs (mean = 477, SD = 377 eggs) throughout their life. A total of 572 clutches was collected. Clutch size ranged from two to 200 eggs (mean = 61, SD = 32 eggs), and mean egg size within a clutch ranged from 148 to 224 lm (overall mean = 187, SD = 11 lm). An overview of clutch characteristics of breeding pairs from all populations is provided in Fig. 2 .
Longevity of single breeding pairs differed significantly between populations (Kruskal-Wallis test, v 2 4;62 = 9.99, P = 0.041) and was lowest for pairs from P1 (mean = 28 days, SD = 21 days) and highest for pairs from P2 (mean = 52 days, SD = 22 days). The age and size of a female were positively correlated (Spearman R = 0.44, P \ 0.001, Fig. S1a ), and larger females had longer brood pouches (Spearman R = 0.53, P \ 0.001, Fig. S1b ) which were also wider (Spearman R = 0.47, P = 0.006, Fig. S1c ). Older (larger) females produced larger clutches (Spearman R = 0.12, P = 0.005, Fig. S1d) , with a larger total egg volume (Spearman R = 0.29, P \ 0.001, Fig. S1e ), but the mean egg size did not increase significantly with age (Spearman R = 0.07, P = 0.120, Fig. S1f ).
The mean egg size and the number of eggs within the 572 clutches that were produced during the experiment were negatively correlated (Spearman R = -0.110, P = 0.009, Fig. S2a ). Spearman rank correlation analyses performed on a total of 1045 eggs from 23 clutches that were produced three days after sexual maturation confirmed the trade-off between the size and number of eggs within a clutch in all populations (P1: R = -0.39, P \ 0.001, Fig. S2b ; P2: R = -0.36, P \ 0.001, Fig. S2c ; P4: R = -0.19, P = 0.004, Fig. S2d ; P5: R = -0.31, P \ 0.001, Fig. S2e ) except P6 (R = 0.317, P \ 0.001, Fig. S2f) .
The LMM demonstrated a significant decrease in mean egg size of clutches with increasing habitat uncertainty (F = 10.0, P = 0.002) (Fig. 1a) and showed that mean egg size overall increased significantly with the age of the female (F = 2.67, P \ 0.001). With respect to clutch size, the LMM demonstrated a significant positive effect of habitat uncertainty on clutch size (F = 8.75, P = 0.004); breeding pairs from pools with a smaller probability of successful inundations produced larger clutches (Fig. 1b) and the significant time effect (F = 3.25, P \ 0.001) indicated that clutch size increased with the age of the female. Habitat uncertainty did not significantly contribute to observed variation in clutch volume (F = 1.95, P = 0.167) (Fig. 1c) , but the LMM model revealed a significant positive time effect indicating that the clutch volume increased with the age of the female (F = 4.58, P \ 0.001). Finally, the LMM showed that CV egg size was not significantly influenced by habitat uncertainty (F = 1.16, P = 0.282) (Fig. 1d) or the age of the female CV egg size (F = 1.05, P = 0.396). The LMs showed that breeding pairs from more uncertain habitats produced significantly larger clutches (F 1,54 = 9.66, P = 0.003) (Fig. 2a) with a larger volume (F 1,54 = 7.87, P = 0.007) (Fig. 2b) three days after sexual maturation. The mean egg size (F 1,54 = 1.88, P = 0.176) (Fig. 2c) and CV egg size (F 1,54 = 0.234, P = 0.631) of clutches (Fig. 2d) were not significantly influenced by habitat uncertainty.
Discussion
We verified the presence of variation in parental offspring provisioning strategies in the fairy shrimp B. wolfi in relation to habitat uncertainty of their temporary pool habitat. Parents derived from populations in all ponds produced variably sized offspring within each clutch. This could represent a bet hedging strategy to buffer against variation in environmental quality among inundations. Furthermore, our results show that parents from more uncertain habitats produced larger clutches of smaller eggs and that they invested more in early-life reproductive output at the expense of longevity. When interpreting our results as support for adaptive offspring provisioning in B. wolfi, at least two assumptions should be taken into consideration. First of all, given that the energy available to produce offspring is limited, the number of eggs that can be produced within a clutch should be negatively related to the size of these eggs. This assumption is supported by negative correlations between mean egg size and the number of eggs in the 572 clutches that were produced over the course of our experiment. A second assumption is that individuals that emerge from larger eggs should have a potential fitness advantage over those that emerge from smaller eggs. While the probability of hatching was not influenced by egg size in our hatching experiment, larger eggs hatched significantly earlier (up to 72 h) during the studied inundation than smaller eggs. This implies a fitness advantage since it increases the time available for the production of dormant eggs during any inundation and it increases the probability of successful reproduction during short inundations (Tuytens et al., 2014) . Even though the difference is small, every hour matters at times when habitats are drying and no fertilised eggs have yet been produced. Matrix population models designed to model the sensitivity of long-term demographics of the studied B. wolfi populations to changes in life history traits and inundation regimes, demonstrate that even a modest reduction in maturation time of 24 h significantly increased long-term population growth rates in time-stressed pools (Pinceel et al., 2016) . A second advantage could be that these larger larvae have a higher competitive ability (Vanhaecke & Sorgeloos, 1980; Kirk, 1997) and are better able to survive starvation (Gliwicz & Guisande, 1992; Kirk, 1997) , as shown in other zooplankton species. Additional potential advantages of large egg size, such as in terms of higher longevity in the egg bank, remain to be investigated.
A positive size-fitness relationship implies that selection would always favour the production of larger eggs. In B. wolfi, however, our results do not necessarily support this. Larger offspring could indeed achieve a higher fitness under most circumstances when, for example, larvae are more competitive or when they can hatch earlier as shown in this study. However, our data also suggest that producing larger eggs comes at the cost of a reduced number of eggs within each clutch. Such trade-offs between egg Fig. 2 Overall egg and clutch characteristics of clutches that were produced three days after maturation. Numbers indicate the number of investigated clutches. a Mean egg size (lm) ± SE within clutches. b Mean clutch size (#eggs) ± SE. c Mean clutch volume (lL) ± SE. d Mean CV egg size (lm) ± SE. Populations were ordered with respect to the uncertainty of the rock pool they originated from with the population from the most uncertain pool at the extreme left numbers and size are common in nature and have been reported in amphibians, birds, fish and marine invertebrates (Smith & Fretwell, 1974; Williams, 1994; Einum & Fleming, 2004; Dziminski et al., 2009 ). Instead of producing only large eggs, B. wolfi parents produce clutches of eggs that vary in size. Since the hydroperiod-but also other factors such as competition and predation-may vary between subsequent rock pool inundations, there is probably no optimal egg size that always results in an optimal fitness. While during short inundations, early hatching could result in a significant reproductive advantage or could even determine whether individuals reach maturity or not, this advantage could be much less pronounced during very long inundations, as suggested by demographic model simulations (Pinceel et al., 2016) . By producing different egg sizes within each clutch, at least some of the emerging larvae may thrive. During some short inundations or inundations with intense competition for limiting resources, only the larger larvae might survive while during others also the smaller ones could grow and reproduce. Producing a variety of different phenotypes in a clutch likely reduces variation in fitness over time and could represent a bet hedging strategy that optimises longterm (geometric) mean fitness (Simons, 2011) .
Producing only large eggs might be disadvantageous given the high fraction of eggs lost by wind erosion during the dry season while producing more, but smaller, eggs can help to ensure that at least some stay in the pool basin until the water returns (Brendonck & Riddoch, 2000; Altermatt et al., 2008; Vanschoenwinkel et al., 2008) . Furthermore, erosion rates increase with the frequency and length of dry phases, which, in turn, increase with increasing habitat uncertainty along the studied gradient. Consistent with the expectation that clutch size can help to buffer against extinction, parents from more uncertain habitats produced significantly larger clutches, a result which is in line with earlier field observations on B. wolfi from temporary rock pools in Botswana (Brendonck & Riddoch, 2000) . In more uncertain habitats, parents also appear to produce significantly larger clutches with a larger volume early during reproduction (i.e. 3 days after maturation). The pattern is especially strong for parents from the most uncertain habitat. This is an interesting observation since it suggests that these parents invest more in early reproduction than parents from less uncertain pools. Also, the fact that egg size was not significantly impacted by habitat uncertainty, while clutch size and clutch volume increased implies that, rather than producing even larger clutches of smaller eggs, parents allocate the extra clutch volume to increase the volume of individual eggs as well. Given the time stress these populations are exposed to, this could be adaptive. However, this strategy seems to come at the cost of reduced longevity. Parents that live longer produce more clutches and our analyses show that reproductive output increases with increasing age and size of the females and their brood pouches. Therefore, sacrificing longevity for increased early reproductive output may not result in optimal fitness in case of long hydroperiods, but helps to ensure some reproduction when hydroperiods are short. Analogous, Rogers (2015) found indications that the fairy shrimp Branchinecta lindahli Packard 1883 trades-in clutch size and body size to mature more rapidly and produce at least a few 'normal sized' eggs under increased temperatures at an early stage of the inundation. Since increased temperatures are associated with a high probability of early drying in natural B. lindahli habitats this could also be an adaptation to deal with short inundations.
Our study illustrates that natural variation in habitat uncertainty, captured as the fraction of inundations unsuitable for reproduction, can be reflected in variable offspring provisioning strategies in zooplankton. Since all populations were reared under standardised common garden conditions for two generations and also the eggs were produced under common garden conditions, the observed variation in offspring provisioning between populations most likely results from genetic polymorphism or long lasting epigenetic modification. In addition, since our analyses did not demonstrate an effect of parental age on within-clutch variation in egg size, parents appear to maintain a consistent degree of size variation within clutches that are produced throughout their life.
